• The duration of anticoagulation after VTE is uncertain; this management study intended to identify patients with low/high recurrence risk.
Introduction
Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and pulmonary embolism (PE), tends to recur, especially when the event is idiopathic or associated with a permanent prothrombotic conditions. 1 The cumulative rate of recurrence 10 years after withdrawal of anticoagulation was reported to be ;50% in patients with a first unprovoked VTE and ;20% after a provoked event.
2 Anticoagulation for 3 months is recommended in all VTE patients, whereas indefinite anticoagulation is suggested 3 in patients with idiopathic VTE and without high bleeding risk, because the recurrence rate after stopping anticoagulation is independent of the duration of initial treatment. 4, 5 Altered D-dimer levels after anticoagulation is stopped in patients with a first VTE 6 and the persistence of residual vein thrombosis (RVT) after DVT 7 have been shown to be a risk factor for recurrence. We performed a prospective cohort study in outpatients with a single episode of proximal DVT of the lower limbs and/or PE who had received a standard course of anticoagulation (.3 months), or at least 12 months in case of RVT. We sought to assess whether a management procedure involving serial D-dimer testing and RVT assessment can identify a subset of subjects at low risk of recurrence in whom anticoagulation can be safely discontinued.
Methods

Study patients
This was a multicenter, prospective cohort study involving patients of both sexes aged $18 years who had experienced a first symptomatic VTE episode, including proximal DVT of the legs, PE, or both, that was either idiopathic or associated with weak risk factors (WRFs; Table 1 ). The index event was objectively confirmed by compression ultrasonography (CUS), ventilationperfusion lung scan, or computed tomographic pulmonary angiography (CTPA), as appropriate, and treated according to international guidelines, including acute and long-term anticoagulant therapy and, in the case of DVT, compression elastic stockings (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) mm Hg at the ankle). All screened patients were examined to assess for the presence of criteria for exclusion, for short or extended anticoagulation, and finally for inclusion in the study (see detailed criteria in Table 1 ). Patients were eligible if they had completed at least 3 months of therapy with a vitamin K antagonist (VKA, either warfarin [Coumadin, Bristol-Myers Squibb] or acenocoumarol [Sintrom, Novartis Pharma]), with a target INR of 2.5 (range, 2.0-3.0).
Management procedures
All eligible patients were examined after at least 3 months of anticoagulation to assess their conditions for study enrollment. Before inclusion, all patients received a bilateral CUS examination of the proximal deep veins (common femoral, superficial femoral, and popliteal), and those presenting with RVT (.4-mm vein diameter at probe compression in the transverse section 8 ) in at least one of the aforementioned veins were included in the study only after completing a total of 12 months of VKA therapy.
All included patients underwent a serial D-dimer assessment starting at baseline during anticoagulation (T0). Patients with positive baseline D-dimer (adopting the criteria indicated next) were instructed to continue anticoagulation, whereas those with negative D-dimer were recommended to stop VKA and to repeat D-dimer testing after 15 to 18 days (T15), 25 to 35 (T30), 55 to 65 (T60), and 85 to 95 (T90) days from T0. Patients were recommended to resume anticoagulation at the first positive D-dimer result.
D-dimer assays and prespecified cutoff values
D-dimer levels were assessed with the quantitative assay routinely used in each participating center, provided that it was one of the following: (1) VIDAS D-dimer Exclusion (bioMerieux, Lyon, France), (2) Innovance D-DIMER (Siemens, Deerfield, IL), (3) HemosIL D-dimer HS (Instrumentation Laboratory, Milan, Italy), (4) HemosIL D-dimer (Instrumentation Laboratory), and (5) STA Liatest D-dimer (DiagnosticaStago, Asnieres-surSeine, France). As discussed elsewhere, 9 age and sex specific cutoff values were calculated for risk of recurrence and used in the aforementioned tests, instead of those recommended by the manufacturers for VTE exclusion. These specific cutoff values were determined by using stored frozen plasma aliquots collected from the patients included in the Prolong 6 and Prolong II 10 studies. These aliquots were centralized in the coordinating center laboratory. Two predefinite criteria were adopted to select cutoff values for the assays:
(1) the percentage of patients with above cutoff D-dimer after one month from anticoagulation was stopped had to be as close as possible to that obtained in the Prolong study at the same timing (36.7%) and within 95% confidence interval (CI, 32.8-40.6), and (2) the percentage of VTE recurrence in patients with below cutoff D-dimer had to be as low as possible. The adopted D-dimer cutoffs (Table 2 ) differed markedly in relation to age and sex. The adopted cutoffs for young males were similar or even lower than those recommended for VTE exclusion; they were slightly higher for young females but noticeably higher for males and females over 70 years.
Study outcomes and follow-up
Patients were followed for a maximum of 2 years, and were seen at the clinical centers at intervals of 3 to 6 months, or they were monitored for VKA dosing. Patients were instructed to contact the clinical center immediately in case of symptoms suggestive of VTE or bleeding.
The main study outcome was the composite of confirmed recurrent VTE and death caused by VTE. In cases of suspected DVT recurrence, CUS results were compared with those of the last available previous examination. Any recurrent DVT was adjudicated if a previously fully compressible segment (contralateral or ipsilateral) was no longer compressible or if an increase of at least 4 mm in the diameter of the residual thrombus during compression was detected. 8 In patients with suspected PE, recurrence was diagnosed on the basis of objective algorithms 11, 12 incorporating clinical probability; ventilation-perfusion lung scanning; or CTPA, CUS, and/or D-dimer testing as appropriate. Major bleeding events, defined by the International Society of Thrombosis and Haemostasis, 13 were also recorded.
All suspected outcome events and deaths were evaluated by a central adjudication committee whose members were unaware of patient name, D-dimer testing results at inclusion, management, or enrolling center. All patients gave their written informed consent for participation. The institutional review boards of all participating centers approved the study, which was conducted in accordance with the Declaration of Helsinki.
Statistical analysis and sample size
On the basis of a cumulative recurrence rate in patients with provoked VTE of 6.7% after 24 months from VKA suspension, 14 we designed the study to have an 80% power to detect a recurrence rate below a clinically acceptable incidence of 9% of the composite end point after 24 months. According to Shen, 15 the required sample size in those suspending VKA was 530.
Differences between groups were assessed using the x 2 test with Yates' correction for categorical variables and the Mann-Whitney U test for continuous variables. Kaplan-Meier survival curves were plotted to estimate the cumulative incidence of symptomatic recurrent VTE; hazard ratios (HR) and their 95% CIs were calculated. The data were analyzed with the use of Prism software (Version 3.0, GraphPad Software Incorporated, San Diego, CA) and SPSS software (version 11.0 SPSS Inc., IBM, Armonk, NY). 
Results
Patients and management Figure 1 shows the study flow chart. In the 18 participating centers, 2458 patients with a first episode of VTE were screened between July 2008 and December 2011. Of these patients, 1401 (57.0%) were excluded for predefined criteria (442) or for criteria leading to short (353) or extended anticoagulation (606). A total of 1057 patients (43.0% of the screened population) were eligible. Fortyseven (4.4%) patients were then excluded from the study because of consent withdrawal (16) or for conditions requiring continued anticoagulation (27) , or they were lost to follow-up after the first D-dimer test (4) . The remaining 1010 patients (560 males) followed the management procedure and were analyzed; the index event was idiopathic in 771 (76.3%) patients and was associated with WRF in the remaining 239 (23.7%). Table 3shows the characteristics of the analyzed patients. D-dimer was persistently negative (below cutoff levels) in 528 patients (52.3%; 277 males) who stopped anticoagulation and included 15 patients (as intention-to-treat analysis) with incomplete serial D-dimer testing and/or a short follow-up. D-dimer was positive (above cutoffs) in 482 (47.7%) patients (significantly older than those with normal D-dimer) who were advised to resume VKAs at the first positive D-dimer result. However, 109 of these (10.8%, 70 males; 22.6% of all For comparison, the cutoff values recommended by manufacturers for VTE exclusion are also shown. Figure 1 . Flow chart of the DULCIS study. The prespecified criteria for exclusion from the study and for short or extended anticoagulant treatment are reported in Table 1 . #Patients were excluded for the following reasons: consent withdrawal (16), presented conditions requiring anticoagulation (27) , had only the first D-dimer testing, were then lost to follow up (4). .115
Minor general, laparoscopic, or arthroscopic surgery .999
FU, follow-up; IQ, interquartile range; NA, not available. *Fifteen of these patients were included in the analysis (as intention-to-treat), though their serial D-dimer testing was still incomplete (being enrolled late) and/or had a short follow-up.
the subjects with positive D-dimer) refused to do so and continued follow-up, whereas the remaining 373 (36.9%; 213 males), significantly older than those who refused, resumed anticoagulation therapy.
The prevalence of positive D-dimer was significantly higher in patients with an idiopathic index event (51.1%) than in those with events associated with WRF (36.8%, P , .0001); it was lower (P , .01) in young females (38.3%) than in the other subgroups in which the prevalence ranged between 50.4% and 53.7%. As is shown in Figure 2 , the highest rate of positive D-dimer in the whole study population was detected at 15 days (20.8%) after stopping anticoagulation, with an overall positivity of 48.8% at the end of serial testing (at 90 days). A persistent RVT was detected in 119 patients, of whom 56 had negative D-dimer (10.6% of the 528 total patients with persistently negative assay), and 63 had positive D-dimer (13.1% of the 482 patients with positive assay).
Outcomes
Primary outcomes ( Table 5 . In patients with negative D-dimer, events were significantly more frequent in those aged .70 years than in younger patients (8.9% vs 2.1%; P 5 .0008), and in patients with idiopathic than in those with secondary VTE (6.1% vs 1.3%; P 5 .036), although no differences were present in relation to age and type of index event in patients with positive D-dimer. No difference was detected between males and females, either with negative or positive D-dimer. Thirty of 120 women who received hormonal contraception at the moment of the event (included in the study for this WRF) had positive D-dimer. However, 11 of them refused to resume anticoagulation and there was subsequently one recurrent event in this subgroup (9.1%; 4.9% per 100 pt-y), whereas only one event occurred in the remaining 90 women who always had negative D-dimer (1.1%; 0.65 per 100 pt-y). Four events (1 young male and 3 elderly women, all with negative D-dimer at T0) occurred during the interval before the T15 D-dimer control. In patients with positive D-dimer, there were no differences in age, sex, or type of index event. Among all patients who did not resume anticoagulation, there was no difference in recurrence in those either with or without RVT (5.3% vs 6.3%, respectively) or in those who either received aspirin or did not (6.3% vs 6.2%, respectively). Among the patients with positive D-dimer who did not resume anticoagulation, the rate of recurrence was higher in those whose D-dimer became positive within one month from VKA withdrawal than in those whose D-dimer became positive later; however, the difference did not reach statistical difference, probably owing to the low number of cases (13/77 [16.9%] vs 2/32 [6.2%], P 5 .247; the 2 subjects with late-positive D-dimer who recurred were both young).
In patients who resumed anticoagulation after a positive D-dimer result, 4 thrombotic events (1.1%; 95% CI, 0.3-2.7; 0.7 per 100 pt-y, 95% CI, 0.2-1.7) and 14 major hemorrhages (fatal in 1) (3.7%, 95% CI, 2.1-6.2; 2.3 per 100 pt-y, 95% CI, 1.3-3.9) occurred. The rate of Figure 2 . Prevalence of first-time-ever D-dimer result above the predefined cutoff levels in the investigated study population at the serial measurement days after VKA withdrawal. The percentages are calculated vs the total number of patients included. For personal use only. on August 11, 2015 . by guest www.bloodjournal.org From bleeding was higher in elderly (4.7%) than in younger (2.7%) patients, but the difference was not significant (P 5 .460).
Discussion
Our study shows that a management procedure based on repeated D-dimer testing can be used in patients with a single VTE event that is either idiopathic or associated with WRFs to identify those with a low risk of recurrence and in whom anticoagulation can be discontinued. Anticoagulation was withdrawn on the basis of D-dimer tests persistently below age-and gender-specific cutoffs in .50% of patients, in whom the subsequent annual recurrence rate was 3%. The recurrence rate in the present study was below the rates recommended as acceptable by the Subcommittee on Control of Anticoagulation of the International Society on Thrombosis and Haemostasis to justify stopping anticoagulant therapy (5% at 1 year and 15% at 5 years, with an upper boundary limit of 8% at 1 year). 16 In our study, all the screened patients underwent investigation for the presence of RVT before inclusion, and those with RVT were included only after completing one year of anticoagulation. RVT has long been considered a predictor of recurrence [17] [18] [19] and a criterion to guide the duration of anticoagulation. 7, 20 A recent systematic review of available studies 21 found that RVT is associated with a significant, albeit modest, increase in the risk of recurrent VTE in patients with (unprovoked or provoked) DVT. The authors concluded that the role of RVT in assessing the risk of recurrent VTE after stopping anticoagulation in patients with unprovoked DVT remains unclear and warrants further investigations. Although the present study was not designed to give an answer to the issue of whether detecting RVT may help guide the duration of anticoagulation, we decided to give patients with RVT a period of anticoagulation long enough (1 year) to achieve a steady-state thrombus condition before starting D-dimer measurements. Of interest, in our cohort patients who did not resume anticoagulation, we failed to show any appreciable difference in recurrence rates between those with and without RVT.
Regarding D-dimer measurement, the current study had important differences from the previous and similar Prolong and Prolong II studies, 6, 10 in which the same assay (qualitative and calibrated for VTE exclusion) was used in all participating centers. In the present study, centers used their routine commercial quantitative assay, but with age-and sex-specific cutoffs. D-dimer levels increase with age [22] [23] [24] and are higher in women. 25 Compared with the cutoff levels recommended by manufacturers for VTE exclusion, those set for this study were much higher in elderly patients, but were similar or even lower in younger patients, especially in men. As a result, more elderly patients discontinued anticoagulation, whereas the opposite was true for younger patients, especially males. This effect, together with the higher thrombosis risk associated with age, may account for the higher recurrence rate in elderly than in younger patients. Lower cutoff levels might have further lowered the recurrence rate in elderly patients; however, this would have been offset in part by an increase in the proportion of those to be anticoagulated indefinitely, with the associated bleeding risk. Although the cutoff levels adopted in the present study for young subjects proved to be very effective, we believe that a refinement in the cutoff levels for elderly patients is advisable to optimize the relationship between an acceptable rate of recurrence and the proportion of anticoagulated patients. We currently cannot indicate specific cutoff values, different from those used in the study, to be recommended for managing this patient population, and we propose this issue as an important target for future clinical studies.
In the Prolong study, D-dimer was tested only once at one month after VKA interruption, 6 whereas in the Prolong II study, patients whose D-dimer levels became abnormal beyond one month after VKA withdrawal had a higher risk of recurrence. 10 As is shown in Figure 2 , the highest rate of positive D-dimer tests was detected after 15 days (20.8%), with 13.1% positive results at 30 days after VKA withdrawal and another 10% positive results afterward. Among the patients who refused to resume anticoagulation, the recurrence rate in those whose D-dimer became positive after one month (2 cases, both young patients) was lower but not statistically different than in those with earlier positive results. Although we may suggest omitting the D-dimer measurement during anticoagulation (T0) in clinical practice (4 very early recurrences could not be avoided after a negative D-dimer at T0), we believe that the present results confirm the validity of extending D-dimer assessment beyond one month to increase the protection from recurrence, especially in young patients.
The risk of recurrent VTE has consistently been found to be higher in men than in women. [26] [27] [28] [29] [30] In our study, the difference in the recurrence rate between men and women disappeared when the comparison was made separately among patients with or without positive D-dimer (Table 5 ). This suggests that D-dimer is an important marker of recurrent thromboembolism and has the potential to compensate for the difference in the gender-related recurrence risk once a proper adjustment of cutoff levels is performed.
Patients were invited to prolong or resume anticoagulation as soon as the D-dimer test result was positive. However, approximately one-fifth of patients refused to resume VKA, and their recurrence rate was about threefold higher than in patients with persistently negative D-dimer (Figure 3) . Patients with positive D-dimer who refused to resume anticoagulation were significantly younger than those who agreed to resume anticoagulation, thus showing that young patients with a first VTE are more reluctant to accept an indefinite anticoagulation; no other significant differences could be detected between these 2 groups (Table 3) . These results provide further compelling evidence that D-dimer testing can be used to distinguish patients with a high recurrence risk.
The risk of recurrence is higher after idiopathic events 1, 2 ; however, it is not negligible when the events are associated with WRFs. In fact, For personal use only. on August 11, 2015 . by guest www.bloodjournal.org From
Iorio et al showed a recurrence rate of 4.2% patient-years in subjects whose index event was secondary to nonsurgical risk factors.
14 The proportion of patients with VTE events associated with WRFs is generally relevant (one-fourth of all included patients in our study) and it is important to give them justified clinical advice. This is why our study included patients with either idiopathic events or events associated with WRFs, because we intended to propose and analyze the efficacy and safety of a practical model to manage the duration of anticoagulation in patients after a first VTE event. Our study showed that the majority of the patients with an index event associated with a WRF (64.4%) had negative D-dimer and stopped anticoagulation. As expected, among the patients with positive D-dimer who did not resume anticoagulation, the rate of recurrence was almost twice as high in patients with an idiopathic event as in those with WRFs; however, among the latter patients, the rate of recurrence was higher in those with positive than in those with negative D-dimer (Table 5 ; the difference did not reach statistical significance, probably for the limited number of patients). Furthermore, among young women who had a VTE during hormonal contraception, a population usually considered at low risk, one case of recurrence occurred among the 11 of those with positive D-dimer who did not resume anticoagulation, and only one recurrence occurred among the 90 of them with negative D-dimer (9.1% vs 1.1%). These results, while confirming the higher risk of recurrence when the index VTE event is idiopathic, also indicate that D-dimer can be useful to evaluate the risk of recurrence in individual patients with nonidiopathic VTE.
Among the 373 patients who resumed anticoagulation, 4 experienced VTE events (1.1%) (mainly in association with temporary interruption of anticoagulation), and 14 (3.7%) had major bleeding events (1 fatal) during follow-up. Thus, the cumulative rate of harmful events associated with anticoagulation in these subjects was not different from that observed in patients with negative D-dimer who discontinued anticoagulation. This further supports the benefit of identifying patients at lower risk of recurrence in whom anticoagulation can be discontinued.
The most innovative aspects of the management procedure adopted in this study also have potential limitations. First, serial D-dimer testing may be inconvenient for both patients and physicians; to simplify this approach, we suggest the omission of testing during anticoagulation (T0), but we still advise to repeat D-dimer measurement beyond one month after anticoagulation is stopped. Second, some patients, especially younger ones, can disagree with prolonging or resuming anticoagulation based only on a single blood test result. Third, the age and sex-specific D-dimer cutoff levels adopted in this study for patients aged .70 years were substantially high (twice as high as the upper normal limit indicated for diagnostic purposes). This may generate some confusion in professionals used to the cutoffs established for VTE exclusion and may raise perplexity in labeling as negative such high results. Finally, repeating the D-dimer assay in the first 3 months after anticoagulation is stopped, using cutoff values different than those for VTE exclusion, may generate confusion in professionals, especially in the case of VTE recurrence suspicion during this period.
In conclusion, our study showed that, based on persistently normal D-dimer tests, anticoagulation could be stopped in .50% of patients included after a single idiopathic VTE or associated with WRFs; the recurrence rate during follow-up was as low as 3.0 per 100 pt-y (95% CI, 2.0-4.4), which is below the rates recommended as acceptable to justify anticoagulation discontinuation. 16 
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